Nicotine absorption and cardiovascular 
effects with smokeless tobacco use: 
Comparison widi cigarettes and 
nicotine gum 

Because of recent resurgence in its consumption, the effects and health consequences of smokeless tobacco 
are of considerable public health interest. We studied the extent and time course of absorption of nicotine 
and cardiovascular effects of smokeless tobacco (oral snuff and chewing tobacco) and compared it with 
smoking cigarettes and chewing nicotmegum in TO healthy volunteers. Maximum levels of nicotine were 
similar but; because of prolonged absorption, overall nicotine exposure was twice as large after single 
exposures to smokeless tobacco compared with cigarette smoking. All tobacco use increased heart rate 
and blood pressure, with a tendency toward a greater overall cardiovascular effect despite evidence of 
development of some tolerance to effects of nicotine with use of smokeless tobacco. Relatively low levels 
of nicotine and lesser cardiovascular responses were observed with use of nicotine gum. Adverse health 
consequences of smoking that are nicotine related would be expected to present a similar hazard with the 
use of smokeless tobacco. (CLIN PHARMACOL THER 1988;44:23-8.) 
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The use of smokeless tobacco has had a resurgence 
in the United States, particularly among young, 
white males, including school children. 1-4 Oral snuff 
andichewing tobacco are most commonly consumed. 
Smokeless tobacco use has been associated with oral 
cancer and leukoplakic lesions at the site of application 
of the tobacco, consistent with local exposure to tu- 
morigenjc chemicals. 5-7 

Smokeless tobacco also contains substantial amounts 
of nicotine. With regular use throughout the day, this 
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results in levels of nicotine in the blood similar to those 
observed in cigarette smokers. 8,9 The time course of 
nicotine absorption from nasal snuff and oral snuff in 
packets has been reported. 9,10 However, the absorption 
kinetics of nicotine from oral snuff placed directly be¬ 
tween the lip and gum or from tobacco that is chewed 
has not been described. 

Nicotine is cardioactive, and cardiovascular effects 
of oral snuff and chewing tobacco have been re¬ 
ported. 11,12 Changes in heart rate and blood pressure 
were similar to those of cigarette smoking, but the time 
course of response was not characterized and the re¬ 
lationship of cardiovascular responses to blood levels 
of nicotine was not examined. 

To further characterize nicotine-related effects of 
smokeless tobacco and compare them to other forms of 
nicotine exposure, we studied the time course of nic¬ 
otine absorption and cardiovascular responses to oral 
snuff, chewing tobacco, cigarette smoking, and nico¬ 
tine gum. 

METHODS 

Subjects. The subjects were 10 healthy men, 24 to 
61 years of age, who were habitual cigarette smokers 
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Fig. 1. Blood nicotine concentrations during and after cigarette smoking, oral snuff, chewing 
tobacco, and nicotine gum (two 2 mg pieces). Data represent average values for 10 subjects; vertical 
bars indicate SE. Shaded bars above time axis indicate period of tobacco or nicotine gum exposure. 



and had prior experience with the use of oral snuff and 
chewing tobacco. They were paid volunteers recruited 
from newspaper advertisements. Written, informed 
consent was obtained from the subjects after the nature 
of the procedures had been fully explained. The proto¬ 
col was approved by the University of California, 
San Francisco, Committee on Human Research. 

Experimental protocol. Subjects were admitted to 
the Clinical Study Center at San Francisco General Hos¬ 
pital for 5 days. Studies were performed on 4 successive 
mornings, after overnight abstinence from tobacco use 
and food. 

Each subject was studied under the following con¬ 
ditions: (1) Smoking their usual brands of cigarettes 
(US Federal Trade Commission yields; tar average 18.0 
mg [range 11.7 to 23.1 ]; nicotine average 1.1 mg [range 
0.8 to 1.3]), one puff every 45 seconds for a total of 
12 puffs over 9 minutes. This resulted in smoking on 
average one and one third cigarettes. The smoking pat¬ 
tern was standardized so that blood sampling and car¬ 
diovascular measurements would be done on the same 
schedule for all subjects. (2) Oral snuff, 2.5 gin (a 
typical dose reported by our subjects), placed between 
the lip and gum and held there for 30 minutes, after 
which the mouth was rinsed. All subjects selected one 
of two of the most popular brands of American snuff 


(Copenhagen or Hawken-Wintergreen). (3) Chewing 
tobacco, taken in a dose selected by the subject (average 
7.9 gm; range 0.9 to 17.8 gm), and chewed for 30 
minutes. Eight subjects chewed Redman, one chewed 
Days Work plug tobacco, and one chewed Brown Mule 
plug tobacco. Saliva, which contained tobacco juice, 
was spit out as desired. (4) Nicotine gum (Nicorette, 
Merrell-Dow Pharmaceuticals, Indianapolis, Ind.), two 
2 mg pieces, was chewed slowly over 30 minutes. The 
sequence of conditions was balanced with 4 x 4 Latin 
squares. Subjects were studied in the supine resting 
position. Blood pressure and heart rate were recorded 
with a Dinamap (Critikon Inc., Rariton, N. J.) auto¬ 
mated blood pressure machine and venous blood sam¬ 
ples were withdrawn at frequent intervals for 120 min¬ 
utes. Concentration of nicotine in blood was measured 
by GC 13 modified for use with a capillary column. 
Changes in heart rate and blood pressure were computed 
by comparison to pretreatment values, that is, values 
obtained just before administration. 

Data analysis. To compare the rates and time course 
of absorption of nicotine from the various modes of 
administration, we analyzed blood concentration data 
using the point-area deconvolution method. 1 * This 
method applies a unit disposition function, which de¬ 
scribes drug concentration over time after intravenous 
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bolus injection, to average blood concentrations to gen¬ 
erate an input rate (absorption) function. The disposi¬ 
tion function was obtained by fitting blood concentra¬ 
tion data from 23 subjects who received intravenous 
nicotine (Benowitz NL, unpublished data, 1984). The 
total amount of nicotine absorbed was estimated by 
computing the area under the input rate function from 
0 to 120 minutes. 

Areas under the input rate function and cardiovas¬ 
cular response-time curves were computed by the trap¬ 
ezoidal rule. Data were analyzed by repeated measures 
ANOVA with Tukey post hoc tests. 

RESULTS 

Pretreatment blood nicotine concentration averaged 
2.7 ng/ml (±1.7 SD), consistent with overnight ab¬ 
stinence from smoking, and was similar on different 
treatment days. Average nicotine levels and time course 
of absorption are shown in Fig. 1. The maximal incre¬ 
ment in blood nicotine concentration was similar, av¬ 
eraging 14.3 ng/ml, for cigarette smoking and smoke¬ 
less tobacco and significantly less for nicotine gum. Of 
note, one subject, who was known to be a moderately 
heavy tobacco user by prior measurements of cotinine 
levels'(cotinine is the major metabolite of nicotine), had 
virtually no increment in nicotine levels with smokeless 
tobacco. Results of analysis of the data with or without 
this subject were similar, so his data are included. The 
increments in blood nicotine levels for the subjects who 
had the greatest rise were 23, 33, 21, and 17 ng/ml 
for cigarette, oral snuff, chewing tobacco, and nicotine 
. gum, respectively. 

Input functions corresponding to the four modes of 
administration are depicted in Fig. 2. After cigarette 
smoking, the maximal input rate was achieved rapidly 
with a peak of 210 fig/min at 5 minutes, followed by 
a rapid decline with no further input after 12 minutes. 
Theiinput functions after snuff and chewing tobacco 
are similar, with a peak of 145 pg/min at 5 minutes. 
Unlike after smoking, absorption continued with a grad¬ 
ual decline to zero over 90 minutes. The input function 
for gum showed a slower increase and a slower ab¬ 
sorption rate, peaking at 64 pg/min at 10 minutes, with 
a gradual decline over 90 minutes. 

- The estimated absorbed doses of nicotine were 1.8, 
3.6, 4.5, and 1.9 mg from cigarette, snuff, chewing 
tobacco, and gum, respectively, 

Pretreatment values for heart rate and blood pressure 
averaged 58 ± 9 bpm and 121 ± 12/70 ± 10 mm 
Hg, respectively, and were similar for all treatment 
conditions. The maximal increase in heart rate was sim- 
ilar for all forms of tobacco and significantly less for 



MINUTES 

Fig. 2. Nicotine absorption rate profiles, estimated by the 
point-area deconvolution method, during and after cigarette 
smoking, oral snuff, chewing tobacco, and nicotine gum. 
Shaded bars above time axis indicate period of tobacco or 
nicotine gum exposure. 

nicotine gum (Fig. 3, Table I). The greatest increases 
in heart rate and blood pressure for any of the individ¬ 
uals were 36 bpm and 43/23 mm Hg after cigarette 
smoking, 29 bpm and 20/19 mm Hg after oral snuff, 
35 bpm and 27/21 mm Hg after chewing tobacco, and 
19 bpm and 22/14 mm Hg after nicotine gum. The 
integrated (AUC) heart rate and systolic blood pressure 
responses to smokeless tobacco tended to be greater 
than for other treatments (Table I). 

The time course of cardiovascular responses is no¬ 
table in that responses to smoking were maximal when 
nicotine levels were maximal, whereas peak responses 
to smokeless tobacco and gum preceded maximal blood 
levels of nicotine. Despite a plateau or only slight de¬ 
cline in nicotine levels from 30 to 120 minutes, heart 
rate and blood pressure had nearly returned to baseline 
value by 120 minutes with smokeless tobacco or nic¬ 
otine gum. 

DISCUSSION 

Our study confirms that substantial nicotine is ab¬ 
sorbed from smokeless tobacco. While smoking, there 
is rapid absorption of nicotine through the pulmonary 
circulation and peak blood levels are achieved quickly. 15 
Nicotine levels decline rapidly at first, as a result of 
distribution of drug from the vascular space to tissue. 
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Fig. 3. Cardiovascular responses to cigarette smoking, oral snuff, chewing tobacco, and nicotine 
gum (two 2 mg pieces). Data represent average values for 10 subjects; vertical bars indicate,SE. 
Shaded bars above time axis indicate period of tobacco or nicotine gum exposure. BP, blood 
pressure. 


Subsequently, levels decline more gradually as nicotine 
is metabolized. 

Absorption of nicotine from smokeless tobacco and 
nicotine gum occurs primarily across mucous mem¬ 
branes. Absorption from snuff and chewing tobacco 
accelerates quickly, becoming maximal at 5 minutes, 
but then declines over 30 minutes despite the continued 
presence of tobacco in the mouth. However, absorption 
continues at a slower rate for up to 60 minutes after the 
tobacco is removed from the mouth. Possibly, contin¬ 
ued absorption is due to slow release of nicotine from 
mucous membranes or absorption of nicotine that has 
been swallowed. Absorption from nicotine gum is 
maintained at a low, more constant rate during most of 
the period of chewing, which is what is expected from 
a slow-release preparation. 

Although peak levels seen with smoking and smoke¬ 
less tobacco are similar, blood levels of nicotine fall 
more slowly after use of smokeless tobacco or nicotine 
gum because of continuing absorption. Thus the ab¬ 
sorbed dose of nicotine was twice as great from smoke¬ 
less tobacco compared with cigarettes. We standardized 


the oral snuff dose (2.5 gm) and duration of exposure 
(30 minutes for both snuff and chewing tobacco), which 
may have limited the dose below that consumed in 
natural-use conditions by some users who keep tobacco 
in the mouth for hours. ' 

The predominant cardiovascular effects of nicotine 
result from activation of the sympathetic nervous sys¬ 
tem.' 6 Similar to findings of other studies, smoking a 
cigarette increased heart rate and blood pressure in our 
subjects. The magnitude of peak 'cardiovascular re¬ 
sponses was similar with smokeless tobacco and less 
for nicotine gum. Whereas heart rate increased and felL 
with a similar time course to that of nicotine levels 
during and after a cigarette, heart rate increased and 
then declined gradually with smokeless tobacco, re¬ 
sulting in a greater overall (120 bpm) cardiovascular 
effect. The decline in heart rate despite persistently high 
levels of nicotine with smokeless tobacco indicates 
rapid and substantial development of tolerance to nic¬ 
otine effects with use of smokeless tobacco, consistent 
with studies with intravenous exposure to nicotine. 17 

The human health implications of our study are as 
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Table I. Comparison of cardiovascular responses to cigarette smoking, smokeless tobacco, and nicotine gum 


Parameter 

Cigarette 

Oral snuff 

Chewing 

tobacco 

Nicotine 

gum 



Heart rate 

Maximal change (bra) 

26.0 ± 9.0 

18.2 ± 8.1 

19.0 ± 9.6 

13.6 ± 5.3* 


: 

AUCio., 20 , (bpm • min) 

975 ± 472 

1419 ± 704 

1421 =fc 935 

945 ± 548 



Systolic blood pressure 

Maximal change (mm Hg) 

18.6 ± 12.9 

15.6 ±. 5.0 

18.6 ± 6.3 

16.0 ± 6.6 



AUC(m») (mm Hg • min) 

473 ± 633 

634 ± 636 .„ 

997 ± 476 

723 ±621 



Diastolic blood pressure 

Maximal change (mm Hg) 

12.2 ± 6.5 

11.4 ± 6.6 

14.4 ± 5,4 

10.4 ± 5.7 



AUC 10 ., 20) (mm Hg ■ min) 

660 ± 430 

1009 ± 730 

973 ± 555 

744 ± 437 




♦Repeated measures A NOVA (111 key); mean 



fc follows. On average, exposure to nicotine and assocl- 
W ated physiologic effects of smokeless tobacco are at 
< least of similar magnitude and may be of greater mag- 
l nitude than occurs/with cigarette smoking. However, 
!■ nicotine intake from a cigarette is limited to some extent 
, by the nicotine content of the cigarette and the maximal 
-• amount of smoke that can be inhaled. Although smokers 
£ may regulate 'intake per cigarette considerably/ 8 it is 
; unlikely that they could consume more than 3 mg 
i nicotine/cigarette. In contrast, the dose of nicotine de- 
i rived from smokeless tobacco is almost entirely at the 
/ discretion of the user. The average intake of nicotine 

I in our subjects chewing 7.9 gm tobacco was 4.5 mg, 
an intake equivalent to that of four cigarettes smoked 
in the typical way. A subject placing 17 gm chewing 
tobacco in his mouth might absorb as much as if he 
smoked eight or nine cigarettes. 

Smokeless tobacco produces prolonged, sustained 
levels of nicotine, which is in contrast to the peaks and 
troughs that occur with cigarette smoking. Although 
some tolerance to cardiovascular effects of smokeless 
tobacco was observed, such tolerance may not be com¬ 
plete. 17 Possibly, differences in time course of nicotine 
tn the body may explain the reported association be¬ 
tween the use of snuff and elevated blood pressure, 19 
whereas smoking is not associated with hypertension, 20 
Consistent with substantial delivery of nicotine and the 
finding of significant rise in blood pressure in several 
of our subjeccts are two recent reports of hypertension 
and, in one patient with pheochromocytoma, myocar¬ 
dial ischemia after use of oral snuff. 21,22 In contrast to 
smokeless tobacco, we found relatively low levels of 
nicotine and lesser cardiovascular responses with the 
use of nicotine gum, despite the use of two “thera¬ 
peutic” (2 mg) doses by our subjects. 

Advise health consequences of smoking that may 


be nicotine related would be expected to present a sim¬ 
ilar potential hazard with the use of smokeless tobacco. 
Health effects of particular concern include coronary 
artery and peripheral vascular disease, hypertension, 
peptic ulcer disease, and reproductive disorders. 15 Stud¬ 
ies to examine the role of smokeless tobacco in cau¬ 
sation of illness other than that involving the oral cavity 
are needed. 

We thank Gunnard Modin for statistical advice, Beverly 
Busa and Chin Savanapridi for participation in the clinical 
study and assays of blood samples, and Drs. Alexander Shul- 
gin and Reese Jones for advice and criticism. 
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